General measures in the treatment of tonic-clonic status epilepticus

Cardiorespiratory function
In all patients presenting in status, the protection of cardiorespiratory function takes first priority. Hypoxia is usually much worse than appreciated, and oxygen should always be administered.
Emergency investigations
Emergency investigations should include assessment of the following: blood gases, glucose, renal and hepatic function, calcium, magnesium, full blood count, clotting screen, and anticonvulsant concentrations. Serum should be saved for toxicology or virology or other future analyses. An electrocardiogram (ECG) should be performed.
Initial emergency treatment
Initial treatment should include:
c emergency intravenous antiepileptic drug treatment (see below) c maintenance antiepileptic drugs orally or via a nasogastric tube c intravenous thiamine and glucose if there is the possibility of alcoholism c glucose if hypoglycaemia is present c the correction of metabolic abnormalities if present c the control of hyperthermia c pressor therapy for hypotension if present c the correction of respiratory or cardiac failure.
If the status is caused by drug withdrawal, the withdrawn drug should be immediately replaced, by parenteral administration if possible. Treatment may also be needed for cardiac dysrhythmia, lactic acidosis (if severe), rhabdomyolysis, or cerebral oedema (in late status).
Establish aetiology
The outcome of status to a great extent depends on the aetiology, and the urgent treatment of causal factors is vital. Computed tomographic scanning and cerebrospinal fluid examination are often necessary. The choice of investigations depends on the clinical circumstances. Table 3 lists some of the complications encountered in status and these often need emergency treatment in their own right. Failure to do so can perpetuate the status and worsen outcome.
Other complications
Intensive care and seizure/EEG monitoring
If seizures are continuing in spite of the measures taken above, the patient must be transferred to an intensive care setting, where intensive monitoring is desirable, including: intra-arterial blood pressure, capnography, oximetry, and central venous and arterial pressure monitoring.
Motor activity in status diminishes over time, and may cease in spite of ongoing epileptic electrographic activity, especially in comatose or ventilated patients. Such electrographic activity is potentially damaging to the cortical neurones and anaesthetic treatment is targeted to suppress it by the attainment of the anaesthetic level of burst suppression. Both ongoing epileptic activity, and also burst suppression, require neurophysiological monitoring and this can be provided by either a full EEG or a cerebral function monitor (CFM). The CFM has to be calibrated for each individual patient, but then has the advantage over EEG of simplicity of use. Burst suppression provides an arbitrary physiological target for the titration of barbiturate or anaesthetic treatment, with drug dosing commonly set at a level which aims to produce burst suppression with inter-burst intervals of between 2-30 seconds. 
Neurology in Practice
Drug treatment of tonic-clonic status epilepticus
It is convenient to divide the treatment of status into stages. This is in recognition of the fact that the risk of cerebral damage caused by seizure activity is slight in the first hour or two of status, and increases with duration of ongoing electrographic activity after this. Initially relatively simple treatment is given, but within two hours, if the epileptic activity is not under control, general anaesthesia is recommended. Many drugs can be given, and the author's recommended regimen is shown in fig 2 and table 4 . There is little evidence that this regimen is greatly superior to other rational schemes. What is essential, however, is to have a protocol for the treatment of status, and this simple measure has itself been shown to reduce the morbidity and mortality of status.
Premonitory stage of status epilepticus
In patients with established epilepsy, there is often a prodromal period before status develops in which there is a gradual (over hours) increase in the frequency of epileptic seizures. Parenteral drug treatment during this stage will usually terminate the seizures and prevent true status developing. The conventional treatment is with either intravenous or rectal diazepam. Intravenous diazepam is given at a rate not exceeding 2-5 mg/min, using the Diazemuls formulation. Rectal administration is either as the intravenous preparation infused from a syringe via a plastic catheter, or as the ready made proprietary rectal tube preparation Stesolid which is convenient and easy. Diazepam Temporal changes which occur as tonic-clonic status epilepticus progresses. Motor activity lessens, the electroencephalogram (EEG) evolves and profound physiological changes occur, both systematically and cerebrally. In the first 30 minutes or so, physiological changes are largely compensatory, but as the seizures continue these compensatory mechanisms break down. The biphasic evolution is emphasised periodic epileptic discharge (PED). 1, loss of reactivity of brain oxygen tension; 2, mismatch between the sustained increase in oxygen and glucose utilisation and a fall in cerebral blood flow; 3, a depletion of cerebral glucose and glycogen concentrations; 4, a decline in cerebral energy state. Reproduced from Shorvon SD. A handbook of epilepsy treatment, with permission of the publisher, Blackwell Science. Stage of refractory status General anaesthesia with either: Propofol 2mg/kg iv bolus, repeated if necessary, and then followed by a continuous infusion of 5-10mg/kg/h initially, reducing to a 1-3mg/kg/h. When seizures have been controlled for 12h, the drug dosages should be slowly tapered over 12h or Thiopental: 100-250mg iv bolus given over 20s, with further 50mg boluses every 2-3 min until seizures are controlled, followed by a continuous iv infusion to maintain a burst supression pattern on the EEG (usually 3-5mg/kg/h). Thiopental should be slowly withdrawn 12h after the last seizure Neurology in Practice * ii24 www.jnnp.com group.bmj.com on October 14, 2017 -Published by http://jnnp.bmj.com/ Downloaded from suppositories should not be used, as absorption is too slow. The adult bolus intravenous or rectal dose is 10-20 mg, and in children the equivalent bolus dose is 0.2-0.3 mg/kg.
More recent work has shown that midazolam or lorazepam can serve are alternatives and have some advantages over diazepam, although the long experience enjoyed by diazepam is not shared by these other drugs. Lorazepam can be given by an intravenous bolus of 4 mg in adults or 0.1 mg/kg in children; it is longer lasting than diazepam and the rate of injection is not critical. Midazolam has the advantage that it can be given by intramuscular injection or buccal instillation. A published randomised trial has shown that buccal midazolam has equal eYcacy and as rapid an action as rectal diazepam-and is more convenient, potentially faster to administer, and less stigmatising. The dose used is 10 mg drawn up into a syringe and instilled into the mouth between the cheeks and gums.
Early status epilepticus
This is defined as the first 30 minutes of status. It is usual to initiate treatment with a fast acting benzodiazepine, and intravenous lorazepam is the drug of choice. Alternatives include other intravenous benzodiazepines or intravenous lignocaine, the latter possibly being preferable in patients with respiratory disease. In most episodes of status, initial treatment will be highly eVective. Even if seizures cease, 24 hour inpatient observation should follow. In persons without a previous history of epilepsy, chronic antiepileptic drug treatment should be introduced, and in those already on maintenance antiepileptic treatment this should be reviewed.
Established status epilepticus
There are three alternative first line treatment options, but each has drawbacks and status at this stage carries an appreciable morbidity. These are subanaesthetic doses of phenobarbitone, phenytoin or fosphenytoin. All three are given by intravenous loading, and followed by repeated oral (phenytoin or phenobarbitone) or intravenous supplementation.
Subanaesthetic infusions of benzodiazepine drugs were once fashionable in the stage of established status. The infusions carry the risk of respiratory depression and hypotension. There is also a risk of sudden collapse caused by accumulation of the drug. For all these reasons, infusions at this stage should not be given. Chormethiazole infusion has been frequently used in the treatment of status, but carries similar risks. Intravenous valproate has been proposed as a suitable treatment, but again experience is limited. Lorazepam and lignocaine are essentially short term treatment, and so should not be employed at this stage. 
Refractory status epilepticus
In most patients, if seizures continue for 60-90 minutes in spite of the treatment outlined above, full anaesthesia is required. In some emergency situations (for example, postoperative status, severe or complicated convulsive status, patients already in the intensive therapy unit (ITU)), anaesthesia can and should be introduced earlier. The prognosis in status requiring anaesthesia is much poorer, and there is a high risk of mortality and morbidity. The principles of treatment are similar for all anaesthetics, and a wide range of barbiturate and non-barbiturate anaesthetic agents could be used. Barbiturate anaesthetics are good antiepileptic drugs but have poor pharmacokinetics. Thiopental, for example, has saturable kinetics, has a strong tendency to accumulate (thus recovery times are very long), can cause profound hypotension, and is subject to acute tolerance. The non-barbiturates, such as propofol, have much more suitable pharmacokinetic properties, but have little if any intrinsic antiepileptic properties-their action is simply to reduce the EEG to a burst suppression pattern. Which of these two approaches is most successful in status has not been established. Benzodiazepine infusions can be given at anaesthetic doses, in an ITU setting. Drug induced hypotension is a common side eVect and the risks of drug accumulation complicate their use. Midazolam is probably the benzodiazepine of choice because of its short half life and large volume of distribution, and encouraging early reports of its use in status have been published.
All the anaesthetic drugs are given in doses suYcient to induce deep unconsciousness; therefore assisted respiration, intensive cardiovascular monitoring, and the full panoply of intensive care are essential. The depth of anaesthesia should be that which abolishes all clinical and EEG epileptic activity (often requiring sedation to the point of burst suppression on the EEG), and cerebral electrical activity must by necessity be visualised, either with a formal EEG or a cerebral function monitor.
Failure to respond to emergency treatment
In the great majority of cases, the above measures will control the seizures and the status will resolve. If drug treatment fails, there are often complicating factors. (table 3) . c Failure to treat (or identify) the underlying cause can result in intractable status. This is particularly the case in acute progressive cerebral disorders and cerebral infections. (3) Misdiagnosis c A common problem is to fail to diagnose pseudostatus which, in specialist practice, is more common than true epileptic status.
